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Liposomes, closed vesicles composed of lipid bilayers, have been
widely used as pharmaceutical carriers. Liposomal formula-
tions containing doxorubicin (DOX) of an anticancer drug are
developed to reduce toxic side effects and to improve drug ac-
cumulation at tumor tissues. An encapsulation of DOX into the
inner water phase of liposomes results in the formations of
fibrous DOX bundles and the elongation of the liposomes [1].
In this study, atomic force microscopy (AFM), which allows na-
noscale imaging directly in an aqueous environment, was
utilized to observe the morphological changes of the lipo-
somes induced by the DOX encapsulation. Furthermore, the
effect of storage on liposomal morphology was also evaluated.
1,2-Dimyristoyl-sn-glycero-3-phosphocholine (DMPC)/
cholesterol (60:40, mol%) liposomes were prepared by
the hydration and extrusion method. DOX was loaded into the
inner water phase of liposomes by the ion gradient method
at the molar ratio of DOX from 20% to 40% against total lipid
components. The liposomes were immobilized on (3-
Aminopropyl)triethoxysilane (APTES)-modified mica for AFM
measurements.
DOX-unloaded liposomes represented circular shape in AFM
images (Fig. 1A). The encapsulation of 20% DOX in the lipo-
somes changed the liposomal morphology from sphere to rod
shape (Fig. 1B). Furthermore, the ratio of rod-shaped lipo-
somes significantly increased with the enhanced DOX loading
from 20% to 40% (Fig. 1C). This AFM result in an aqueous
environment is consistent with the previous cryogenic trans-
mission electronmicroscopy studies; the liposomal morphology
is changed to rod shape with the increase in DOX concentra-
tions, accompanied with the linearly expansion of fibrous DOX
bundles. Interestingly, several circular particles in theAFM image
showed concave shape (Fig. 1D). The thickness at the center
of concave particles was determined as 11 ± 1 nm, correspond-
ing to about twice the theoretical height of the lipid bilayers.
In contrast, the peripheral height of the concave particles was
over 20 nm, indicating the existence of curved bundles of DOX
fibers such as the ring and ‘U’ shape.The stability of 40% DOX-
loaded liposomes was evaluated by storing them for 7 days at
4 °C. In comparison with the freshly prepared liposomes, the
rod-shaped particles were decreased with the increase of the
concave particles at liposomes stored for 7 days (Fig. 1E). Hence,
after the storage, the rod-shaped liposomes containing linear
bundles of DOX fibers transformed into the spherical lipo-
somes containing curved bundles.
Spherical liposomes were deformed to rod shape due to the
formation of linear bundles of DOX fibers depending on DOX
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loading.The storage of 40% DOX-loaded liposomes induced the
transformation of rod-shaped liposomes into spherical ones,
accompanied with the transformation of fibrous DOX bundles
from linear to curve. AFM measurements provide detail infor-
mation on the changes of liposomal morphology directly in an
aqueous environment.
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Fig. 1 – AFM images of (A) unloaded liposomes, (B) 20% DOX-loaded liposomes (freshly prepared), (C) 40% DOX-loaded
liposomes (freshly prepared), (D) expanded concave particle in the dotted square of the image (C), and (E) 40% DOX-loaded
liposomes (stored for 7 days).
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